Abstract. Survivin is an inhibitor of apoptosis and, as it is found in many tumors but not in most normal differentiated tissues, is an attractive target for cancer therapy. Survivin expression has been associated with cell proliferation in renal cancer. We previously demonstrated the possibility of treating renal cancer by suppressing survivin expression using the topoisomerase I inhibitor topotecan and survivin-specific siRNA. In the present study, we used Caki-1 cells to investigate the possibility of treating renal cancer by combining topotecan and the hybrid polar compound hexamethylene bisacetamide (HMBA) to completely suppress survivin expression. HMBA is known to induce cell differentiation. This warrants the testing of the ability of HMBA to suppress survivin, which is associated not only with carcinogenesis but also with differentiation. Both topotecan and HMBA were shown to suppress survivin expression and cell proliferation. However, the combination of topotecan and HMBA suppressed survivin expression completely and more effectively inhibited cell proliferation, leading to apoptosis. Combination therapy using topotecan and HMBA might thus be effective treatment for advanced renal cancer.
Introduction
Patients with metastatic renal cell carcinoma (RCC) have a 5-year survival rate of only 5% (1), and its current treatment options do not offer promising results. Chemotherapy and radiotherapy are usually ineffective (2) , and only 10-20% of RCC patients respond to interferon therapy (3) . Numerous combination therapies have been evaluated, but none have yielded satisfactory response rates (4) . Tyrosine kinase inhibitors have recently been introduced as a new treatment modality, but have not proved to be curative in clinical trials (5, 6) Abnormalities in the control of apoptosis, the process by which a cell undergoes a suicide program that results in cell death, play an important role in cancer development. Survivin, a member of the inhibitor of apoptosis (IAP) family of proteins, is involved in the control of mitotic progression and the inhibition of apoptosis (7) . It is an exciting target for cancer therapy because it is found in many tumors, but not in most normal differentiated tissues (8) .
We have already shown that the expression of survivin is associated with cell proliferation in RCC cell lines, and that the combination of the topoisomerase I inhibitor topotecan and survivin-specific small interfering RNA (siRNA) synergistically inhibits survivin expression and cell proliferation (9) (10) (11) . Targeting survivin may thus be an effective method for treating advanced RCC.
Hexamethylene bisacetamide (HMBA) is a hybrid polar compound that can induce the terminal differentiation of transformed cells (12) by modulating their membrane surface potential, which may activate a signaling pathway (13, 14) . HMBA has also been demonstrated to induce apoptosis (15, 16) . Since survivin is expressed in the human fetal kidney, and since the expression of survivin in embryonic and fetal development might contribute to tissue homeostasis and differentiation (17) , HMBA has the potential to regulate survivin expression and induce apoptosis. However, the effect of HMBA on survivin expression in renal cancer cells has yet to be investigated.
In exploring the possibility of treating advanced RCC by suppressing survivin expression in various RCC cell lines, we found a higher level of survivin expression in Caki-1 cells (11) . We therefore used Caki-1 cells in the present study to investigate the effectiveness of a novel combination therapy using topotecan and HMBA to inhibit survivin expression and cell proliferation. We found that the combination of HMBA and topotecan suppressed the expression of survivin completely and inhibited cell proliferation. To the best of our knowledge, this is the first report to reveal the effect of HMBA on survivin expression. Combining HMBA and topotecan is thus a promising approach to the treatment of advanced renal cancer.
Treatment with HMBA and topotecan. Cells were plated in 6-well culture plates (for Western blot analysis and cell cycle analysis) or 96-well culture plates (for cell proliferation assay) one day before treatment. Cells were treated in DMEM medium containing either HMBA (LKT Laboratories, St. Paul, MN, USA) (0-20 mM), topotecan (0-1 μg/ml) or both agents for 48 h, and were assayed for survivin expression and cell proliferation.
Cell proliferation assay. Cells were plated in a 96-well culture plate one day before treatment and then incubated under the indicated conditions for 24 or 48 h, after which cell proliferation was determined using the MTT assay or Alamar Blue assay (Biosource International, Camarillo, CA, USA).
Cell cycle analysis.
After treatment under the indicated conditions, cells were washed with PBS and harvested by trypsinization. The cells were resuspended in citrate buffer and stained with propidium iodide following the method described by Vindelov et al (18) . They were then analyzed by flow cytometry using the Cell Quest program for the calculation of the different cell cycle phases.
Western blot analysis. Cells were homogenized in RIPA buffer (50 mM Tris, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 0.25% sodium deoxycholate, 1 mM Na 3 VO 4 , 1 mM NaF, 1% NP-40 and protease inhibitor mixture) for 15 min on ice. Protein concentrations were obtained using the DC Protein Assay Reagent (Bio-Rad Laboratories, Hercules, CA, USA). Samples were mixed with loading buffer, resolved by 12.5% SDS-PAGE, and transferred onto nitrocellulose membranes. After blocking with 5% dry skim milk, the membranes were incubated for 1 h or overnight with anti-survivin rabbit polyclonal antibody (Alpha Diagnostic International, San Antonio, TX, USA). The membranes were then incubated with a biotinylated secondary goat anti-rabbit antibody (Bio-Rad Laboratories) for 1 h at room temperature and subsequently with a streptavidin-biotinylated alkaline phosphatase complex (Bio-Rad Laboratories) for an additional hour at room temperature. Immunoreactivity was detected using an alkaline phosphatase substrate kit following the manufacturer's protocol (Bio-Rad Laboratories). The level of survivin expression was semi-quantified using the public domain NIH Image program and normalized to the level of ß-actin expression.
Results
We evaluated the effect of HMBA alone and in combination with topotecan on survivin expression and cell proliferation. The effect of topotecan and/or HMBA on cell proliferation was minimal at 24 h after treatment. However, a 48-h treatment with topotecan or HMBA decreased cell proliferation in a dose-dependent manner. Furthermore, cell growth was dramatically inhibited by 48 h of treatment with the combination of topotecan and HMBA (Fig. 1A) . Microscopic examination also supported the significant effect of this combination therapy (Fig. 1B) . Treatment with either HMBA or topotecan for 48 h decreased survivin expression, while treatment with a combination of HMBA and topotecan decreased survivin expression completely (Fig. 2) . Cell cycle analysis was used to evaluate changes in the cell cycle and apoptosis induced by HMBA and topotecan. The sub-G1 fraction, containing apoptotic cells, was markedly increased, and the G2/M fraction was eliminated by the combination of HMBA and topotecan (Fig. 3) . Considering the cell cycle-dependent expression of survivin, we believe that the decreased survivin expression observed was due to the disappearance of the G2/M phase. We have thus demonstrated, for the first time and to the best of our knowledge, the combined effect of HMBA and topotecan on survivin expression and cell proliferation in renal cancer cells.
Discussion
Survivin is an IAP protein associated with carcinogenesis, tumor progression and decreased survival (19) . Since survivin is detected in many tumors but not in most normal differentiated tissues (8) , it has been recognized as a novel target for cancer therapy. We previously showed that survivin expression is associated with cell proliferation in RCC cells (9) , and that it might be possible to treat RCC using a combination of topotecan and survivin-specific siRNA. Although some successful cases of siRNA application in vivo have been reported (20, 21) , it is not always easy to achieve high transfection efficiency with liposomes in vivo. We therefore explored the feasibility of treating RCC by using topotecan and HMBA in combination to suppress survivin expression completely.
Topotecan is a topoisomerase I inhibitor used in the treatment of various cancers (22) (23) (24) . Its effectiveness in renal cancer patients has been investigated in only one Phase II study (25) , and its effect on survivin expression has been investigated in two studies, one with prostate cancer cells (26) and the other with renal cancer cells (11) . Both these studies found survivin expression to be decreased by topotecan. However, the exact mechanism by which topotecan decreased survivin expression remains unknown. Topotecan was recently shown to inhibit epidermal growth factor receptor (EGFR) expression (27) . Since survivin is increased by epidermal growth factor (EGF) (28, 29) , the inhibition of EGFR expression may be the mechanism by which topotecan suppresses survivin expression.
HMBA is a hybrid polar compound that induces terminal differentiation of transformed cells (12) . Its anti-tumor effect has been evaluated in various cancer cells, mainly blood malignancy (15, 16, 30) . A Phase II clinical trial for HMBA treatment of myelodysplatic syndrome and acute myelogenous leukemia was conducted (31) . HMBA modulates the membrane surface potential of transformed cells, and this might activate a signaling pathway (13, 14) . Some studies revealed that HMBA can induce apoptosis and decrease BCL-2 expression (15, 16) . On the assumption that expression of survivin is associated with apoptosis and differentiation (17), we postulated that HMBA could regulate survivin expression. In the present study, HMBA decreased survivin expression and inhibited cell proliferation in a dose-dependent fashion. Cell cycle analysis also revealed an HMBA-induced increase in the sub-G1 fraction, which contained apoptotic cells. Signaling pathways influenced by HMBA have not been fully understood. It has been demonstrated that HMBA decreases cyclin-dependent kinase (cdk) 4 activity and induces the hypophosphorylation of retinoblastoma protein (Rb) (32) , which has also been thought to play a role in renal cancer (33) . Jiang et al previously showed that Rb can bind to the survivin promoter region and repress survivin transcription (34) . One can therefore assume that HMBA decreases survivin expression through the activation of Rb.
The combination of topotecan and HMBA suppressed survivin expression completely. It has been demonstrated that Rb hypophosphorylation can be induced by blocking the EGF receptor (35) . One possible explanation for the complete suppression of survivin expression by the combination of topotecan and HMBA might therefore be the activation of Rb by further hypophosphorylation. According to cell cycle analysis, combination therapy increased the sub-G1 fraction and decreased the G2/M fraction. Survivin has been shown to be expressed in the G2/M phase in a cell cycle-dependent manner (36) . The decrease in the G2/M fraction by combination therapy may therefore account for the suppression of survivin expression, and may also be related to the inhibition of cell cycle progression by Rb (37) .
The drawback of the clinical use of HMBA is its high optimal concentration and toxic side effects, such as thrombocytopenia (31, 38) . To overcome these problems, second generation hybrid polar compounds with ~2000-fold greater potency have been developed (38) . Unlike HMBA, these novel compounds can inhibit histone deacetylases such as trichostatin A (39) . Further investigation of these second generation hybrid polar compounds will be required before our combination therapy using topotecan and a hybrid polar compound can be used in the clinical treatment of renal cancer.
In summary, the combination of HMBA and topotecan completely suppressed survivin expression in Caki-1 cells and inhibited their proliferation. To the best of our knowledge, this is the first study to investigate the influence of HMBA on survivin expression in renal cancer cells.
